Abstract -Many students today are visual learners and little inclined to study printed materials or text-based online courses. Animations can serve as effective multimedia tools to engage these students while facilitating and enhancing the student learning experience by explaining difficult concepts through visual means instead of the traditional way of heavy textual based presentation.
INTRODUCTION
Many engineering related courses require students to visualize the processes occurring within a system for them to understand the key concepts presented in those courses. Heavy-text based printed materials, even though they try to explain the processes in detail, do not render themselves as appealing to the students as they lack a visualization element. Besides, many students today are visual learners and little inclined to study printed materials or text-based online courses. Yung et al concluded students receiving an animated pedagogical agent with visual prompts performed significantly better than those receiving verbal prompts and text condition only [1] .
Multimedia learning enables students to obtain better understanding through the verbal and visual explanations [2] . With the advancement of computer science, it is possible to include multimedia tools in the instructional design of courses to engage those students who use different learning styles and to achieve better outcomes.
During the past decade, these multimedia tools have been developed by different academics in engineering courses. Multimedia-based environment was developed in structural engineering education and the authors concluded that it was a powerful tool in improving teaching and learning of engineering subjects, which can represent an important source of motivation for students [3] . While multimedia tools such as animations are mainly designed to transmit knowledge to the students while facilitating and enhancing the student learning experience by explaining difficult concepts through visual means, they can also be designed to be interactive. In accordance with theories of different learning styles, the author proposed the design and development of interactive animations to assist student comprehension and learning [4] .
A software package was developed that incorporated several different media modes including text, animation and simulation that dealt with pollution control processes in Environmental Engineering, where some of them were interactive [5] . While the animations can be designed to convey the concepts in two dimensional modes, they can be used in three dimensional mode as well.
While many academics developed multimedia tools to facilitate the teaching and learning during face-to-face delivery in engineering courses, almost none report the development and delivery of multimedia tools including animations to enhance online learning. We feel that the importance of multimedia tools would further be realized especially when the courses are offered in external mode or at distance where students have to rely solely on the course materials to gain in-depth understanding of key concepts. The University of Southern Queensland (USQ) in Australia is internationally recognized for its external delivery of courses. Nearly 80% of USQ students study through this mode. In this paper, we discuss the design and delivery of animations for two courses such as Public health Engineering and Geology and Geomechanics that are normally perceived to be challenging by civil and environmental engineering undergraduates. We further evaluate the overall performance of students as a result of introducing animations into the curriculum. In this section, we explain why and how animations were considered to be necessary using two engineering courses as case studies.
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Case study 1 -Public Health Engineering course
Educating students who aspire to be engineers and technologists in the field of public health engineering is a challenge as it encompasses a diverse technical content ranging from chemistry to microbiology. Public Health Engineering is a core course for those students who are majoring in Environmental and Civil Engineering disciplines at undergraduate level in the Faculty of Engineering and Surveying at the USQ. It is also a course offered in postgraduate programs such as graduate certificate in engineering, master of engineering technology and master of engineering science within the Faculty. This course encompasses modules on water supply and distribution systems, conventional and advanced water treatment processes, wastewater treatment, sludge and solid waste treatment and disposal methods. The prerequisite for this course is Hydraulics 1, which assists students in understanding the required design concepts presented in specific modules of this course.
As water with its associated quality issues demands an interdisciplinary knowledge and experience encompassing chemistry and microbiology, students need to grasp the required concepts in these areas to apply them in water and wastewater treatment to successfully meet the course objectives. The majority of civil students are very well equipped with hydraulics knowledge required to design the components, however, as they lack chemistry or microbiological knowledge needed for understanding the water and wastewater treatment processes, they display characteristic disinterest.
Both part of the course requirements as well as to stimulate students' interest and engagement, the students are taken to a water treatment plant and advanced wastewater treatment plant located nearby. The water treatment plant treats dam water using conventional coagulation/flocculation and sand filtration processes whereas advanced wastewater treatment plant treats the municipal wastewater biologically using anaerobic, anoxic and aerobic processes for nutrient removal. During these field visits, the students are first given lectures regarding how the plants are operating or automated using the sophisticated computer configurations and then taken around different processes within the plants. While these field trips provide first-hand knowledge regarding the processes from the practicing engineers (apart from an academic), all they can see in the plants are different tanks or reactors having full of water flowing from one tank to another. Little knowledge they gain visually by looking at the reactors as far as design features of the tanks are concerned (they can only see this if they visit the plants when the reactors are empty). Besides the detail chemical and microbiological reactions going on within the processes in each of these reactors is not apparent. Therefore, a new and innovative teaching approach was required to facilitate the students' learning of these unfamiliar concepts. This approach requires a visual presentation without being overwhelmed by textual overload. The authors felt that visual aids enriched by animations could aid in student engagement, and thereby enhance their understanding of difficult concepts. We also believed that about 80% of the students at USQ who are enrolled at distant mode could also greatly benefit from such enhancement. Otherwise, they have to rely solely on the textual presentation of course materials to understand these difficult concepts. These animations were then incorporated in the "Integrated content environment" (ICE) which is an ideal environment to present them in full color. The course content can be delivered in multiple formats such as printbased, web-based and CD-Rom for the students for the first time in 2009.
Case study 2 -Geology and Geomechanics course
Geology and Geomechanics is a core course offered to those students who are majoring in civil and environmental engineering. These students are recommended to enroll in this course during their second year. A long-standing issue in teaching geosciences to engineering students is the inability of these students to think in three dimensions. The problem was readily apparent during the classes on geological mapping interpretation and constructing both geological columns and geological histories of mapped areas. Furthermore, these students often struggle to understand the importance of Geosciences to their chosen profession and make little attempt to understand and learn the basics of the different discipline. The introduction of animated course content was conceived to be a possible solution to this dilemma.
Visual and kinesthetic learners through visual displays and interacting in a physical manner with the depicted material readily learn representational geological entities occurrences on maps simply by interacting with progressive animations. Further logic steps such as their association with magma types, whether they are intrusive or extrusive entities, their relative places in a time sequence and the processes that must have taken place preceding each geological entity's formation in the depicted area build on these animated stages. In this way animations enhance learning of difficult spatial relationships which in themselves serving as vehicles to convey more complex concepts of rock genesis, etc.
WHAT KIND OF ANIMATIONS WERE CREATED?
The animations created for the above courses differ in their instructional design.
In Public health engineering, they were mainly designed to be two dimensional aiming at transmission of knowledge, whereas in Geology and Geomehanics, they were designed to be three dimensional with interactive features. This is discussed in detail in this section. 
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Case study 1 -Public Health Engineering course
Animations were developed using Adobe Flash software. Each animation was designed with visual prompts and clear movements so that students can easily follow and understand the processes. The navigation embedded in the animations enables students to repeat and reinforce those parts of the processes that are unfamiliar to them. Certain animations on disinfection, filtration and secondary wastewater treatment plant were supplemented with textual explanations. These visuals aids will imprint this foundation knowledge on students' minds and give them a clear basis on which to build further knowledge. Some of the more difficult processes in advanced water treatment such as distillation, electrodialysis and ion exchange were enhanced by audio accompaniment to reinforce the information presented in the animations. This presents an alternative learning method for those students who benefit by audiovisual learning methods. Figure 1 is an example that describes the basis on which the animation on electrodialysis is built. A transcript of the audio is provided for those students who choose or need to read the material to further their understanding. The audio presentation provides the students with the opportunity to concentrate on the animation while listening to the audio explanation, rather than having to read and comprehend at the same time. Similar presentations were developed to explain other processes, such as reverse osmosis, coagulation and flocculation, sedimentation, advanced wastewater treatment, etc. The animations developed mainly follow transmission theory of teaching and learning in which the knowledge or concepts of water and wastewater treatment plants are transmitted to the students via audio and textual accompaniment. Where applicable, these explanations were supported by real life examples to generate students' interest. In order to explain osmosis the following example is used. "Have you ever wondered why drinking salty water can be fatal? It is just as easy to die from thirst in the sea as it is in the desert. Osmosis is why drinking salty water is not recommended. When one drinks salty water, osmotic pressure begins drawing water out of one's body to try to dilute the salt in the stomach until dehydration occurs and person dies." In order to explain distillation processes, we use the following real life example with animation. "In this distillation process, we are mimicking the hydrological cycle that occurs in nature. The heat that radiates from the sun evaporates the sea water, and the pure water vapor rises and accumulates as clouds. When the moving clouds come in contact with the cooler mountains, condensation occurs. This concentrates the vapor to form water droplets which fall to earth as rainfall". These explanations enable the students to compare and connect the information with the prior knowledge they possess. This is based on cognitive instructional design whereby animations are used to emphasize the importance of applying knowledge to the relevant situations. Since most of the USQ students are adult learners, they can benefit greatly by being able to use different cognitive learning styles.
Case study 2 -Geology and Geomechanics course
A map representation of an area is accompanied by a cross section and a legend off to the right hand side that can be summoned on demand as shown in Figure 2 . The passage of the mouse cursor over the map representation causes a particular geological formation or rock entity on both the map and cross sectional views to become highlighted, or in the case of geological elements such as faults or time gaps (i.e. unconformities) lit with a pulsating emphasis. The student is then required to respond to an associated question relating to a particular geological entity or asked to mouse click on each map occurrence of a particular geological element. For example, there may be three "intrusive igneous dykes" present in the mapped area and the student is required to mouse click over each one in turn. With each correct mouse-click identification, a reassurance message prompts the student "Right, any others?" until all are correctly identified (which brings up the response "Correct"). A click on any other non-igneous body brings up an error prompt message "Hint -Dykes are steeply dipping narrow discordant intrusions". Correct identification of all three will then prompt the student with "Next question". The simple click over interaction can be used for other geological entities or elements within the portrayed map area. The map is accompanied by a translating map legend that the student can summon up ("Show legend") or simply move to one side. The association of magma type (i.e. rock chemistry) with a particular geological rock mass can be reinforced by requiring the student to refer to the map legend and choose from interactive buttons in response to a question of this type. Reinforcement of the association can be achieved by directing the student to again identify a different field occurrence (i.e. a sill or lava flow).
The geological sequence of events can be made interactive by presenting the student with the list of rock formations and entities and then requesting the student to "drag and drop" each geological entity across to its correct time sequence position in the about to be assembled geological column. Incorrect positioning causes the geological entity to "bounce back" to its original position in the list of scrambled out-of-sequence geological entities. If correctly positioned then the geological entity remains in its correct position. The student continues until all geological entities are correctly positioned in the true time sequence of geological events (i.e. geological column) and receives a prompt "Well done".
FIGURE 3 RECOGNITION OF INTERACTIVE GEOLOGICAL PROCESSES
Next geological processes are integrated into the learning fabric with another 'drop and drag" animation that reinforces the geological process that had to have occurred between one geological event and its immediate successor/overlying rock entity. Students select a process from the list above, "click" on it and drag it to the animated diamond shaped space separating the two geological entities as shown in Figure 3 . Once again, if the selected process is correct, the student advances to the next youngest geological entity and its associated processes until the complete geological column with associated rock forming processes is complete and the prompt "You rock! You have completed Interactive activity one" signifies completion of the task.
Deformation of rock formations is another area which requires additional effort from students to acquire acceptable mastery. A map example of folded strata or rock layers as one component was employed as a base for interactive questions. Students were asked to respond to the "disposition of strata" in the central section of the map by clicking on one of a number of activated buttons. Selection of the correct option led to the response "Correct" and a series of brightly lit spots that move along the formation boundaries emphasizing the folded character of the strata. Once again students are prompted for "Next question" relating to strata in the lower left hand side of the map and an array of possible disposition buttons. The strata have been variably highlighted to attract the student's attention. A further question prompts them for the number of time gaps or unconformities present and on selecting the correct number these are numbered and emphasized with bold coloured surface contacts.
A further example is the combination of ethics with the determination of the technical design parameters of a proposed toxic waste disposal dump site. Students are initially introduced to the concept that selection is dependent of both factors through a simple equation format, namely Problem/issue has two main dimensions (Technical + Ethical) and together they can be resolved into a solution. Ethical questions were to be signified with the symbol of a blue human head. The animation is accompanied with a short audio clip describing the geology of the proposed site.
A coloured diagram depicts a cross section of the proposed pit along with pit dimensions, the locally dipping rock strata, and the level of the water table. Students are requested to calculate the depth that the sandstone would be encountered beneath the bottom of the centre of the pit. This is a simple case of similar triangles to determine the depth "d". Students are required to enter their depth calculation value which should be precise within a fixed error limits. If they are correct, the problem proceeds to the next question which is ethical. If in error, they can choose to view the animated mathematical calculation for each similar triangle. The respective triangle is highlighted and the mathematical calculation animated in the space above the depicted cross section. Trigonometric relationships for the tangent of the sandstone horizon and its dip angle are activated, transposed with animation until the value of "d" is determined. Entering of the correct value prompts the "next question". The ethical question depicted by a blue head, requests students to assess whether there is an unacceptable risk arising from the sandstone beneath the proposed pit at that depth. A "Yes" response activates the water table on the cross section along with the level of the local aquifer that farmers use to water stock, and a response that the aquifer is 65 metres beneath the surface. A "No" response brings up the next question.
A fault is discovered during a later on site inspection that dips beneath the pit and will intersect the sandstone horizon at depth, etc. The problem alternates between 978-1-4244-6262-9/10/$26.00 ©2010 Crown October 27 -30, 2010, Washington, DC 40 th ASEE/IEEE Frontiers in Education Conference T4C-5 technical determinations and associated ethical considerations that these results pose for the proposal. Interestingly, more than 50% of the engineering students usually opt to complete the design and quickly move on to the next project rather than considering the risks that the pit toxic waste will migrate through the minimal thickness of strata above the fault and then move in a short time along the fault to contaminate the underlying aquifer. The pit development is not an acceptable environmental risk and should not proceed. This example weaves together ethical and technical factors in a real world scenario using animations to depict and stress decision points during project design stages. It successfully engages the students and they acquire the dual considerations that should accompany any engineering project.
HOW ABOUT STUDENT PERFORMANCE?
Has student performance increased as a result of introducing animations? Has the level of student engagement improved? These are the questions that are addressed in the following section.
Case study 1 -Public Health Engineering course
Overall student performance was compared for the years 2008 and 2009 in Public Health Engineering course. The grades HD, A, B, C and F are awarded with cut-off marks being 85%, 75%, 65% and 50% respectively. FNS and FNC indicate that the students failed to sit the exam and failed to contribute respectively. According to Figure 4 , about 67.3 % and 79.4 % students achieved a higher than C grade in 2008 and 2009 respectively, which shows an increase of about 12.1 %.
FIGURE 4 EXAM PERFORMANCE
The percentage of students who failed (including LP, F, FNS and FNC) also reduced from 16.3% in 2008 (16 students failed out of 49) to 11.7% (14 students failed out of 68) in 2009 respectively. The performance in any year can be variable depending on the student cohort enrolled in a course during a particular year, questions posed and etc, but we conclude that the increase in performance in this year is certainly noticeable.
The course in Public health engineering underwent revitalization as not only new animations were introduced, but also several topical case studies were included in addition to the introduction of several illustrations and online quizzes to enhance the outcome. Therefore, it is understood that the increase in overall performance is not entirely attributed to the introduction of animations in Public Health Engineering. However, the student feedback indicated that the student engagement or interest increased as a result of introduction of animations.
Some feedback from students: 
"Animations of key concepts were very useful"-Another student
The feedback for the questions such as "Animations were useful to learn the treatment processes"; "Animations were well structured and presented" and "Audio accompaniments for animations were useful" received the scores of 4.4, 4.1 and 3.90 in a 5 scale with a response rate of 20%. Animations and colorful illustrations in the course material have increased student engagement and interest in the subject. They enabled them to create mental models and visualized pictures regarding the processes, which increased their learning outcomes.
Case study 2 -Geology and Geomechanics course
The animations developed for Geology and Geomechanics (CIV2403) have been devised as formative learning tools with no attempt to make them summative. Consequently, there are no collected statistics on student usage; however student evaluations have always commented favorably on the positive effect that they had on their learning of geological concepts. The return on the considerable number of days invested in their development has been confirmed by improved performance in end of semester final exams.
The widespread uptake of computer gaming has produced students who are both computer literate and oriented towards visual learning. It is therefore imperative to visually engage these students in order to effectively convey new concepts from a different discipline. We have found that distance students have especially welcomed the animations prepared for CIV2403 as they have many fewer opportunities to obtain clarification on how geological processes are interpreted or recognized from their lecturers. The combination of interactivity and instantaneous feedback linked with error correction is greatly appreciated by both on-campus and distance students.
Each course module on a different Geology/Engineering topic area has also been accompanied by a formative interactive quiz which asks the student a series of questions and supplies the answers after indicating the correctness of the answers provided as shown in Figure 5 . Feedback is instantaneous and accompanied by the appropriate audio sound on response submission. FIGURE 
QUESTION IN A QUICK QUIZ
The compulsory mapping question in the final examination for the Geology section of the Geology and Geomechanics course had always been poorly answered by the vast majority of students, however, after the introduction of animations, student marks improved by more than 10% overall on this question in subsequent years. Further efforts were directed towards animating other course elements that had traditionally proven difficult for students to assimilate and these similarly resulted in improved learning outcomes.
CONCLUSIONS
Animations were developed for two courses such as Public Health Engineering and Geology and Geomechanics that have been traditionally perceived as challenging by civil and environmental engineering students. In Public Health Engineering, the animations were used to transmit knowledge on chemical and microbiological reactions that have been occurring within the processes. In Geology and Geomehanics, the animations were designed to be interactive to aid the understanding of geological formation, geological sequence of events and geological processes that are normally difficult for the students to visualize in three dimensional forms. The student engagement has certainly increased in these subjects with appreciable increase in exam performance. Distant students who solely rely on the study materials and those learners, who learn from visual means, benefit greatly from the developed multi-media resources. We are developing further animations to explain the difficult concepts to increase student engagement, motivation and learning outcomes.
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